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oals

Research and design a radio telescope

o Assemble a working feed horn and antenna
o Program necessary software

o Obtain a signal

e Cater research and data to high schools so that
they could build their own telescope

Create a nationwide array of telescopes (using
iInterferometry)




dio Astronomy

i e Radio Signal (3 kHz to 300 GHz)
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e Examples of things we can observe:

Features invisible to the eye
Pulsars

Radio galaxies

Neutral hydrogen

And many more...




istory of Radio Telescopes

rl Jansky (UW-Madison)

Radio Engineer at Bell Labs

e Built receiver antenna (14.6A) -
e Formulated that radio static came from
the Milky Way

Flux density of radio sources (1 Jy=10%°
W m“%Hz)




istory of Radio Telescopes

Jansky’s rotating telescope Replica in Green Banks, West Virginia




istory of Radio Telescopes | .

rote Reber (lIT-Wheaton, IL)
Inspired by Jansky

e Built modern-day radio telescope in hlS
mother’s backyard (9 meters)

e Observed strong emissions across Milky

Way

Confirmed Jansky's formulation




istory of Radio Telescopes

Reconstructed version of Reber's 9 meter dish in Green Banks, West Virginia
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Green Banks Radio Telescope
) feet Arecibo Observatory, Puerto Rico Green Banks, West Virginia
&3 football fields 100 meter diameter




he Big Picture

Radio SOUD

Dish | Feed Horn Pre-amplifier -~ Heterodyne Mixer Radio
—=a Telescope
A p
/ —»  FFT Plot
Data Collection
Computer
Moving Average [—*| Write Data




of a Radio Telescope:

Parabolic Dish/Mount
o Collects and focuses radio waves
e FeedHorn
o Receives radio waves
e Pre-Amplifier
o Amplifies raw signal from feed horn
e Heterodyne Receiver
o Turns analog signal into digital
signal
Data Acquisition
o Receive and write data onto
computer
ata Analysis
Analyze power spectrum over time

dio Telescope Basics

primary parabolic
reflector surface
(dish)

distant celestial
radio source

video
magnetic cisplay

incoming tape

radio L ' I

@ 1=
.
display and |
analysis systemy

|

P computer
and

recording devices|

P receiver

_____________ and

cables (for carrying the signal amplifier J

to the control room for processing)



dio Sources

Artificial sources

o Radio stations

o Aircraft communications
o Signal generators

o etc.

e Natural sources

o Blackbody radiation
o Synchrotron radiation
o Neutral hydrogen emission

http://www.sparksbroadcast.com

http://lhsgems.org/IUTour.html




Hydrogen atom
Higher energy state

electron

Hydrogen radio emission

Wavelength 21 cm
Frequency 1420 MHz

Lower energy state

0
Frequency(MHz)




from the Leiden/Dwingeloo HI survey and the Instituto Argentino de Radioastronomia survey.




Feed Horn Pre-amplifier *| Heterodyne Mixer

Parabolic Mesh surface (8 ft in

diameter)

e Collects incoming radio waves

e Reflects radio waves into one
point

e Bigger dish = Sharper resolution




Feed Horn Pre-amplifier *| Heterodyne Mixer

e Feed Horn

Receilves the focused radio
waves reflected from the dish
e Has an antenna inside

e Converts the radio signal intoa °*
weak electrical signal




Pre-amplifier Heterodyne Mixer

Given: h=0.21106 m
d = waveguide diameter =0.1575 m = 6.2 in = .T46\

Monopole Antenna Length: L, =A/4 L,=(0211m)/4=00527Tm=527T cm
(L . = antenna length)

Low-Cut Wavelength: A =3412r ke =3412(0.07874 m) = 02687 m
(A . = low cut wavelength, r = radius of cylinder)

2 2 2 2
Waveguide Length: A, = l/(i) - (,%) A= l/(m ) - (m) =03411m
(A . = waveguide length, A= wavelength, kA ,. = low cut wavelength)

Distance from antenna to back plate: L,=X,/4 L,=(03411m)/4=0.0853m=853cm
(L , = distance from antenna to back plate)

Length of Cylinder: L=3\, L=3(03411m)=02558 m =2558 cm
(L = length of cylinder)

3 dB Beamwidth: BW ., = 66/d, degrees BW .45 = 66/(0.746).) degrees = 88.46°
(BW = beamwidth, 4, = feed horn diameter in terms of 1)




Feed Horn * Pre-amplifier *| Heterodyne Mixer

aed Horn Construction

Paint can

Copper tube

Solder, soldering iron, and glue
Aluminum mounting brackets
Coaxial (SMA) adapter mount
Long (8ft) coaxial cable




Feed Horn Pre-amplifie *| Heterodyne

A (Low Nmse Ampllfler)

Attached to the feed horn G 4
Takes the weak signal from feed "
horn and adds 14.8 dB (Roughly 30
times stronger)

Has a noise temperature of 50 Kelvin
(very low)




Feed Horn Pre-amplifier *| Heterodyne Mixer

eterodyne Mixer (Airspy)

Converts high frequency analog signal

to a low frequency wave digital output

e Connected via USB to computer

e Relays the signal to a computer
readable format (data collection system)

e Mixes and then digitizes




at Frequency

Saint Mary's Uni

Phvsics Demos

Airspy gets an incoming frequency and creates a
frequency similar to it thus making a beat frequency



http://www.youtube.com/watch?v=V8W4Djz6jnY

y
NUradio

GNUradio is a user friendly interface that
allows users to create flowcharts to
develop programs

e Free Software Development Toolkit

e |Implements SDR (Software Defined Radio)
Uses code blocks to operate

Open Source




FMstationsRTL.grc - /home/ubuntu/Desktop - GNU Radio Companion

WX GUI FFT Sink
Tlth?pF_: o.;:io FFT example e o
Author: David Haworth :":;:; m;olz;:-m
Generate Options: WX GUI RTL-SDR Source Y per Div: 10 dB
Sample Rate (sps): 1.024M i N
Cho: Frequency (Hz): 106.7M
WX GUI Notebook ChO: Freq. Corr. (ppm): 0
D: notebook_0 ChO: DC Offset Mode: Off
Tab Orientation: Top Cho: 1Q Balance Mode: Off
Labels: Spectru...tion, Scope Cho: Gain Mode: Manual D
Grid Position: 1, 0, 4, 5 Cho: RF Gain (dB): 13 Window Size: 575, 600
oo a0 Notebook: notebook_0, 0

N ; Freq Set Varname: None
T D T e Cho: BB Gain (dB): 20

ariable_static_text_0

Label: SDR

:::v:':.:' '"S:”::‘ Rezor Sample Rate: 1.024M

Grid Position: 0,0, 1, 5 e o

o Dynamic Range: 100
Reference Level: 0
WX GUI Slider Ref Scale (p2p): 2

FFT Size: 512

Label: Center Frequency FFT Rate: 15

Default Value: 106.7M Window Size: 575, 600

Minimum: 87.9M Notebook: notebook_0, 1
Freq Set Varname: None

Converter: Float

Grid Position: 5,0, 1.5 WX GUI Constellation Sink

Title: Constellation Plot
Sample Rate: 1.024M
WX GUI Slider e L
Label: RF Gain Constellation Size: 2.048k
Default Value: 13

Grid Position: 6, 0, 1,

ID: variable_sample_rate_0
Label: Sample R...4M & 2. 56M
Default Value: 1.024M
Converter: Float

Notebook: notebook_0, 2

Grid Position: 7,0, 1, 5 WX GUI Scope Sink
Title: Scope Plot
Sample Rate: 1.024M
Notebook: notebook_0, 3
Trigger Mode: Auto
¥ Axis Label: Counts




GNUradio Simplified Flowchart

Options

Control Panel File Sink

Writes data

Static
variables to be

kept constant
INPUT

Slider
variables you
can change

Power Spectrum
FFT
freq. vs. power

Constellation Plot
Inphase signal vs.
quadruple signall

From Airspy

Waterfall
time vs. freq &
power

Scope
signal amplitude
vs. time

AN




ower Spectrum Graph

Uses the fast fourier transform (FFT)

Plots frequency vs. power (strength of signal)
e Used to identify and analyze signals and noise
levels *; 1




eoretical Results

Point at source with uniform radio wave

emission (the Sun):

o Ambient noise increases

e Point at a signal generator with antenna:
o Peak shows up at designated frequency

e Point at hydrogen clouds:

o See peak around 1.402 GHz




5, Satellite

41.8247, -88.244(
0396695E 4631066N
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14018 1402

Frequency (GHz)

Frequency: 1402 GHz
FFT61.287

1.4018 1.402 1.4022 1.4024. 1.4026 1.4028
Frequency (GHz)

Frequency: 1402 GHz
Power, 66,8333
FT 628537

Frequency: 1.402 GHz
Power. 593333

FPT60.2165

14018 1402
Frequency (GH2)

14018 1.402 1.4022 1.4024 1.4026. 1.4028
Frequency (GHz)
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00,
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Frequency: 1.402 GHz
Power: 58,6667
FFT: 60,7475

Frequency: 1.40201 GHz
Power. 633333
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-100
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Angle (deg)
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Avg Alpha: 0.0079
[7] Persistence
Persist Alpha: 0.1890
|Store |
| Store |
Autoscale

Trace Options
[] Peak Hold

[] TraceB
Axis Options

[7) Trace A

& Average

Ref Level:

(ap) Jamod




Store |

Store |
=5
i)

Trace Options

[] Peak Hold

Avg Alpha: 0.0085

[7) Persistence

Persist Alpha: 0.1890

L

[ TraceB |

Axis Options
Autoscale

[7) Trace A
dB/Div:

& Average

Ref Level:

Frequency (GHz)

(ap) Jamod
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terferometry

Many radio telescopes operating in sync with
each other

e Greatly increases overall resolution

e A distant goal for the QRT

Atacama Large Millimete
(ALMA)




Tasks
GNU Radio GUI
Test GNU Radio and AlrSpy an arlificial source
GNU Radio and DA
Engineer Pale Supporl
Feed Hom
Inglall Digh (lelescope)Build
String Wires
Basic Tesls {on astronomical objects)
PYEPHEM
Previous Measurements
8-Hour Scan

BASICS:
Background Information on Radio Telescope
Python-up to Ballleship
Gol GNURadio on laptops
| Do GNURadio Wiorials-understand basics
Skatch of Tomade Shelter/Outback
Photoshop of Dish/Lederman Center
MeasurementOulback Placement Skelch
Engineer Pale Support Skelch
Clean the Tarmado Shalter
| Sel up table/chairs in tornado shelter
| Slatus Meeling Monday
Build Feedhorn

GMUradio (average block, threshold block, CF) [
Schedule Leclures/Talks wilh Scientisls (Saniya)

Find fead horm materials
Gel GNURadio on server computer

Complels
Complole
Complete
Complels
Complets
Camplele
Complete
Complele
Camplole
Coamplele
In Prograss

Complets
Complele
Compleda
Complels
Camplele
Camplele
Complele
Camplete
Camplede
Complele
Camplele
Complels
Complels
Camplede
Complels
Complede

Problems/Errors/To Do

| Spectrum Graph warking-cther (hree graphs not shawing %CPU Increasing/Decreasin

miet Sten on 14th floor, wo peaks showing- controlling the canter fraquency ??
Install GNURadic oo server

Talking with efectrical people/make mount sketch

Buy/Make? Research-Jake, Wrile paper on design- Coffee Can??

Read Installation gulde enling

| Create basic map wiocation of dish and condult, Find safe

hitpiiweww.wighz orglantbookichapd pdf

hitp:iwww. tvrosal. com/phpBB-3 0iphpBBI/viewtopic. php?f=148&1=1252

| httpftwww. sbrac orgfiles’budgel_radio_telescopa. pdf
| hitp:ihweww stargazing netidavid! GNUradio/RTLFMstations, html

h!lpJMw.qak.nﬂl:'vaaiub'ﬁnhnnafﬁnhannn%2UTypﬁ&%lﬂﬂﬁﬂ%?ﬂ}\nﬂ!nn&%EDPﬂlLﬂn{

| hittp-liwww. packralvinf. comdArticle _SIDish_MNat. pel
hitpiweww wighe orglantboak/chap8-3.pdl

hitp/fwww.vkdadc.comiwe blindex. shplmicrowave-projects/iZ-antennas/138-coffee-ca

| httpiwww.elae comifiles/Volumed ssueSIJETAE_0814_107.pdl
| http-Jicalt

o.com/m/4R2T
http:/icaltopn.comim /363

| hitpeiirhodesmill arg/pyephamiguick htmi
| hittptivweww. reeve com/Documents/RadicScienca/CelestiaRadioSources. pdf
hitps:iigithub. comiairspy/hostiwiki/Troubleshooting

http fiseclab skku.edulwp-contentiuploads/2015i02ignuplot-freg-commands. pdf

| http:Himatpiotiib.orgMatplatiib.odt

Dittiaima. mitnao. ac jore/atou laimamona/ ey A8 m.him|

Solutions
Change setlings/Tinker with sample, sinks-FFT, Flx CPU- Test with Throtthe on Mac/Deli??

LNA model number, ZXE0-PIIULN+

| itlaifwesew ek 2000 comiegl-binfweb.cgl Peommand=prod uctcalegory&header_id=Sate| Dish Spacifications

| Parabolic Dishe and Feedhorn Design
| Instaliation guide

21 em Radio Telescope for the Cost-Conscious

GNU radio Airspy

Descriplions and specs on anlenna lypes

Editable Version of Oulback Sketch (NEED TO Z0OOM IN TO SEE)
3 Feadhom Types

Coffes can feed instructions

Important formulas lor coffes can (or conical) dimentions
Updated Sketch of Oulback {cables/measurements included)
Lederman science center diagram

| Pyaphem refrence guide
Prominant Radio Sources

GNUPIol manual

‘Maiplotiib manual

Intereromelry Explanation







OU CAN BUILD ONE
TOO....
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